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Abstract. Oryctes rhinoceros is a major pest in oil palm (Elaeis
guineensis) plantations in Pelalawan Regency, Riau, Indonesia, where
infestations can reach nearly 100%, particularly in replanting areas
containing decomposing palm residues. Adult beetles bore into the growing
points of palms, severing spear leaves and frequently causing plant death.
This study aimed to evaluate the effectiveness of Marshal 5G, a granular
insecticide  containing  Carbosulfan  [(2,3-dihydro-2,2-dimethyl-7-
benzofuranyl)(diethylaminothio)methylcarbamate], in controlling O.
rhinoceros at different developmental stages through laboratory bioassays
and field trials on immature palms (TBM, Tanaman Belum Menghasilkan).
Populations of O. rhinoceros were observed from larval to adult stages in
replanting sites, with larvae primarily found in the planting holes. Marshal
5G achieved up to 100% larval mortality within five days and induced adult
mortality within three days after field application. The five-gram dose was
sufficient to effectively suppress pest populations. Overall, Marshal 5G
demonstrated strong efficacy against O. rhinoceros in replanting areas,
offering a practical and reliable control strategy to support sustainable oil
palm management.
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1. Introduction

The implementation of land clearing and oil palm (Elaeis guineensis) replanting without
burning—commonly referred to as the zero-burning policy—has been legally enforced in
Indonesia to promote environmentally sustainable plantation management. This policy is
regulated under Law No. 18 of 2004 concerning Plantations [1] and Law No. 32 of 2009
concerning Environmental Protection and Management [2]. The zero-burning system
requires land preparation through mechanical methods rather than open burning, reducing
carbon emissions and air pollution. In practice, the replanting process, known locally as
palm-to-palm replanting, involves felling mature palms, chipping the trunks, and stacking
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or compacting the chipped biomass on-site to decompose naturally. While this practice
supports environmental goals, it also creates favourable conditions for pest proliferation, as
decomposing organic matter serves as an ideal habitat for certain insects and pathogens.
One of the primary pests associated with decomposing palm residues is the rhinoceros
beetle (Oryctes rhinoceros Linnaeus), a major pest of oil palm plantations in Southeast
Asia. The species uses stacked palm trunk chips as breeding grounds, where larvae develop
within decaying organic material [3]. Adult beetles (imago) cause significant damage by
boring into the growing points of young palms, cutting the spear leaves, and often leading
to the death of the plant. Consequently, replanting areas under zero-burning systems is
particularly vulnerable to O. rhinoceros infestations, which can reduce plant vigor and
delay early growth stages.

To manage this pest, chemical control remains one of the practical options in
replanting sites. Marshal 5G, a carbosulfan-based granular insecticide, contains five percent
of the active ingredient Carbosulfan [(2,3-dihydro-2,2-dimethyl-7-benzofuranyl)
(diethylaminothio) methylcarbamate], a systemic carbamate compound that acts on the
insect nervous system by inhibiting acetylcholinesterase. The insecticide is typically
applied by sprinkling granules into the leaf axils near the palm’s growing point to target
adult beetles. Previous reports have demonstrated that Marshal 5G effectively suppresses
adult O. rhinoceros populations; however, its impact on the larval stage remains poorly
understood. Because larvae develop within decomposing trunk piles—the primary by-
product of the zero-burning system—their control is critical to interrupting the pest’s life
cycle and reducing future infestations.

To address this knowledge gap, this study evaluates the efficacy of Marshal 5G in
controlling O. rhinoceros larvae under laboratory and field conditions. A bioassay approach
was employed to determine the product’s larvicidal effectiveness and potential for
integrated pest management in oil palm replanting areas. Therefore, the following
experiment was designed to test this hypothesis through laboratory bioassay and field trials.
The purpose is to determine the presence of Oryctes breeding in replanting holes and the
effectiveness of Marshal 5G against Oryctes rhinoceros larvae through a bioassay test
(Product Efficacy).

2. Research Methods
2.1. Time and Place

The study was conducted in a sequential manner, beginning with a bioassay experiment and
followed by field application trials. The bioassay observations were conducted over seven
days, from August 11 to 18, 2025, at the mini laboratory in the Pelalawan Regency residential
area, Riau Province, Indonesia. Prior to the bioassay, preliminary field observations were
conducted to identify Oryctes rhinoceros breeding sites and collect larvae from replanting
holes.

Field trials were subsequently performed in a community oil palm plantation located in
Pelalawan Regency, Riau Province, Indonesia. This site was selected because it represents a
typical replanting area with a high incidence of O. rhinoceros infestation, making it suitable
for testing the field efficacy of Marshal 5G. The region has a tropical humid climate, with
average daily temperatures ranging from 26 to 33 °C and relative humidity between 75% and
90%, conditions favourable for the development of O. rhinoceros populations.

The bioassay and field experiments were conducted during the same season to ensure
comparable environmental conditions. Data collection from both tests was performed within
the same observation period to evaluate the consistency of Marshal 5G performance under
laboratory and field conditions.
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2.2. Method

2.2.1 Field observation method

Field observations were conducted to identify the natural breeding sites of Oryctes rhinoceros
within oil palm replanting areas. Planting holes measuring approximately 2 m x 2 m were
excavated, with organic residue layers stacked at a depth of 25-50 cm below the soil surface.
These decomposing trunk materials served as preferred breeding sites for O. rhinoceros, from
which third-instar larvae were collected for the bioassay experiment.

2.2.2 Bioassay method

The laboratory bioassay was conducted using three treatments:

T1: Marshal 5G (Carbosulfan [2,3-dihydro-2,2-dimethyl-7-benzofuranyl
(dibutylaminothio) methylcarbamate]) at five grams per replicate;

T2: Marshal 5G at nine grams per replicate; and

T3: Untreated control (no insecticide application).

Each treatment consisted of ten replicates, and each replicate contained five third-instar O.
rhinoceros larvae. The larvae were acclimatized for seven days before treatment. The test
containers were plastic vessels (polypropylene, 500 mL volume, 10 cm diameter, 8 cm
height) filled with a substrate composed of palm trunk chips and powder mixed at a 2:1 ratio
(w/w) with an approximately 30% moisture content, resulting in a 7 cm height of substrate
in each container.

The insecticide (Marshal 5G) was applied evenly on the substrate surface according to
the treatment dose. The containers were maintained under controlled environmental
conditions at 28 £+ 2 °C and 80 + 5% relative humidity. Observations were performed daily
at the same time for seven consecutive days. Larval mortality was determined by the absence
of movement after gentle tactile stimulation with a fine brush.

The mortality rate (%) was calculated using the formula:

. Number of dead larvae
Mortality rate = ( Total larvac ) X 100

Data on mortality were analyzed using analysis of variance (ANOVA), and treatment means
were compared using the Least Significant Difference (LSD) test at a 5% significance level.

2.2.3 Field Marshal Application

Field trials were conducted to evaluate the efficacy of Marshal 5G against Oryctes rhinoceros
adults (imago) in replanting areas. The study site consisted of a community oil palm
plantation in Pelalawan Regency, Riau, featuring TBM 1 and TBM 2 palms that were
approximately 1-2 years old. The soil type was predominantly loamy, typical of the local
plantation conditions.

Marshal 5G was applied at a dose of five grams per tree, evenly sprinkled into the leaf
axil near the growing point. After application, TBM leaves covering the growing point were
carefully removed to allow O. rhinoceros imago release. Adult beetles were introduced
individually into mesh cages (20 cm x 20 cm % 20 cm) placed on each treated tree to ensure
contact with the insecticide.

The experimental design consisted of a randomized complete block with four treatments
based on the number of days after insecticide application before beetle release:
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: release immediately (0 days)

: release 5 days after application

: release 10 days after application

: release 15 days after application

Each treatment was replicated three times, with each plot consisting of four trees arranged in
a square layout with 2 x 3 m spacing. A total of 48 trees were used across all treatments and
replications. Observations were conducted daily for 14 days after beetle release. Mortality
was recorded based on objective criteria: adult beetles were considered dead if no movement
of legs or antennae was observed after gentle tactile stimulation. Beetles that moved normally
were considered alive. Any beetles that escaped or could not be located were excluded from
the analysis to avoid underestimation bias.

= NoN--s

Beetle mortality (%) for each treatment was calculated as:
Number of dead beetles

Total observed beetles

Mortality rate = ( ) X 100

Data were analyzed using analysis of variance (ANOVA) to compare mortality rates among
treatments. Significant differences between treatment means were determined using the Least
Significant Difference (LSD) test at a 5% significance level.

3. Results and Discussion

3.1. Observation results

Field observations showed that Oryctes rhinoceros larvae were exclusively found in planting
holes and were absent from stacked palm trunk chips. The average number of larvae per
planting hole was 3 + 1.2, and the average number of pupae was 1 £ 0.5 (n = 20 planting
holes). This suggests that larvae and pupae prefer decaying organic matter within the soil
rather than denser surface piles, consistent with their tendency to pupate in moist soil at
depths of 25-50 cm. The third-instar larvae collected for this study had an average body
length of 9 £ 0.8 cm and an average width of 2 + 0.2 cm (n = 50 larvae). According to
literature, larvae exceeding 10 cm typically migrate toward the soil surface to pupate [4,5].

Fig. 1. The representative third-instar larvae found in planting holes(n =50). »

Laboratory bioassay results demonstrated a clear dose-dependent response to Marshal
5G. At a dose of five grams, larval mortality reached 95% =+ 3% within five days, whereas
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the nine-gram dose achieved 98% = 2% mortality over the same period (n = 10 replicates per
treatment). The untreated control (T3) showed negligible mortality (5% + 1%). ANOVA
revealed a significant difference among treatments (F = 42.6, p <0.001), while post hoc LSD
analysis indicated that the five- and nine-gram doses were not significantly different (p >
0.05). These findings suggest that the lower dose is sufficient for effective larval suppression.
The systemic action of Carbosulfan likely contributed to high mortality by inhibiting
acetylcholinesterase in larvae, even within the substrate.

Field application trials on O. rhinoceros adults (imago) confirmed laboratory trends.
Mortality began within three days after exposure to treated trees, with 5 g per tree achieving
90% + 4% mortality by day seven (n = 48 trees across four treatments). Imago placed 1015
days after application showed slightly lower mortality (70-75%), reflecting reduced residual
activity over time. These results highlight the importance of timing insecticide application
relative to adult beetle emergence.

3.2. Implications for Pest Management

The observed larval and adult mortality data indicate that Marshal 5G is effective in
suppressing O. rhinoceros populations under both laboratory and field conditions. Larvae
should be targeted within planting holes, where density is highest, while adult control is most
effective shortly after emergence and prior to mating. Integrating mechanical larval
collection, chemical application, and adult monitoring via ferotraps can form a stage-specific
[8], integrated pest management strategy for zero-burning replanting systems.

3.3. Bioassay Results

The laboratory bioassay evaluated the efficacy of Marshal 5G against third-instar Oryctes
rhinoceros larvae. The results showed that Marshal 5G caused significant larval mortality
within five to seven days. A dose of five grams per container achieved 95% = 3% mortality
within five days, while a nine-gram dose produced 98% + 2% mortality over the same period
(n= 10 replicates per treatment). The untreated control (T3) showed negligible mortality (5%
+ 1%).

Summary of Marshal Product Efficacy Bioassay Results Against
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Fig. 2. Mortality of third-instar Oryctes rhinoceros larvae in laboratory bioassays exposed to Marshal
5@ at different doses. T1 = five grams per container, T2 = nine grams per container, T3 = untreated
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control. Observations were conducted daily for seven days. Error bars represent + standard deviation
(n = 10 replicates per treatment).

Larval position within the container substrate did not significantly affect mortality, as
indicated by similar rates across different positions for both five-gram (T1) and nine-gram
(T2) doses. Statistical analysis confirmed a significant effect of treatment dose on mortality
(ANOVA, F = 42.6, p < 0.001), but post hoc LSD tests showed no significant difference
between the five- and nine-gram doses (p > 0.05), suggesting that the lower dose is sufficient
for effective suppression of O. rhinoceros larvae.
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Fig. 3. Mortality of third-instar Oryctes rhinoceros larvae according to their position within the
substrate during treatment. T1 = five grams per container, T2 = nine grams per container. No significant
differences were observed between larval positions for either treatment (n = 10 replicates per treatment).
Error bars represent + standard deviation.

3.4. Discussion

Observations indicate that Oryctes can breed in planting holes. Urea, followed by sulfuric
acid spraying, is known to be effective in rapidly decomposing stumps and chopped palm oil
trunks, thereby preventing them from becoming breeding grounds for Oryctes. Furthermore,
liming can be applied to certain areas suspected of being Oryctes breeding grounds to
increase the number of natural enemies, such as Beauveria bassiana and Metarhizium. Liming
also serves as a deterrent to female Oryctes laying eggs [3]. Biologically, several animals,
such as owls, lizards, and crows, can feed on Oryctes larvae and adults. Chemically,
insecticides such as Diazinon 10G, Sevin 85S, Agrothion 50, and Marshal 5G can be used
[7].

[6] stated that piles of chopped palm oils require 4 times longer to decompose than those
scattered, with an estimated 2 years. This is the primary reason for the sustainability of the
O. rhinoceros pest, which can be endemic in palm oil plantation areas. Considering that one
life cycle of this pest from egg to adult is £ 6-9 months. The long life cycle is an advantage
for the O. rhinoceros pest to be endemic in an area and is a sign (signal) of loss for the owner
of the area concerned.

Marshal 5G can kill Oryctes rhinoceros larvae within 5 to 7 days. A 5g dose of Marshal
5G is sufficient to kill O. rhinoceros larvae within 5 days. The position of the Oryctes larvae
in the cup during treatment did not affect larval mortality. This is evident in the variation in
mortality rates between T1 (Marshal 5G 5 G) and T2 (Marshal 5G 9 G). Carbosulfan is a



BIO Web of Conferences 209, 01011 (2026) https://doi.org/10.1051/bioconf/20262090101 1
IC-BioTEStA 2025

systemic insecticide. This insecticide works as a contact and stomach poison. In the insect's
body, carbosulfan is converted to carbofuran. The chemical name for carbosulfan is 2,3-
dihydro-2,2-dimethyl benzofuran-7-yl- (dibutylaminotio) methylcarbamate benzofuran-7-yl
(dibutylaminotio) methylcarbamate (Baehaki, 1993 and Djojosumarto, 2008).

Marshal 5 G insecticide was also applied at a dose of 5 grams per tree, placed on the
spear leaves and the base of the leaf sheath. Results were visible three days after application.

This application was quite effective in killing O. rhinoceros imagoes. This was evident
from the large number of dead beetles found in the plant plates after the Marshal application.
In addition to the dead beetles, some were also found alive on the plates, but their activity
was impaired (movement and response were slow). These characteristics indicate that the
beetles have been poisoned and will eventually die. Healthy beetles will not be present on
the plant plates but will hide in the plant canopy during the day. These beetles were never
found after the application of cypermethrin.

Percentage of mortality of Oryctes rhinoceros imago 3 days after the beetle
entered the plant

c2B8588388

Type of treatment

Fig. 4. Mortality rate of O. rhinoceros imagoes 3 days after the beetles entered the plant.
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Fig. 6. Insect mortality on planté.

4. Conclusions

The six-day laboratory bioassay demonstrated that Marshal 5G effectively suppressed
Oryctes rhinoceros larvae, with five-gram and nine-gram doses achieving 95% + 3% and
98% + 2% mortality, respectively, indicating high efficacy even at the lower dose. Field trials
further confirmed the effectiveness of Carbosulfan in controlling adult beetles (imago), with
mortality reaching 90% =+ 4% when imago were released on treated trees shortly after
application. They reduced to 70-75% for releases 10-15 days later, reflecting residual
activity over time. Observations showed a corresponding reduction in beetle feeding damage
at the base of leaf sheaths, with treated plants exhibiting minimal visible injury compared to
untreated controls, demonstrating the protective effect of Marshal 5G under field conditions.
These results collectively indicate that Marshal 5G provides an effective means of managing
O. rhinoceros populations at both larval and adult stages, supporting its use as a practical tool
in integrated pest management strategies for replanting oil palm plantations.

4.1. Recommendations

The six-day laboratory bioassay demonstrated that Marshal 5G effectively suppressed
Oryctes rhinoceros larvae, with five-gram and nine-gram doses achieving 95% + 3% and
98% + 2% mortality, respectively. This indicates that even the lower dose is sufficient for
larval control. Field trials confirmed the effectiveness of Carbosulfan against adult beetles
(imago), with mortality reaching 90% =+ 4% when imago were released on treated trees
shortly after application. In contrast, later releases (10—15 days) showed reduced mortality
(70-75%), due to declining residual activity. Treated plants exhibited minimal feeding
damage at the base of leaf sheaths compared to untreated controls, demonstrating that
Marshal 5G effectively protects young oil palm plants under field conditions. These findings
indicate that Marshal 5G is a practical and efficient tool for integrated pest management
targeting both larval and adult stages of O. rhinoceros in replanting areas.

Further research is recommended to optimize field application strategies, including
testing different doses, alternative active ingredients, and varying environmental conditions
such as soil type, humidity, and temperature. Investigating the integration of Marshal 5G with
biological control agents or cultural practices could provide a more sustainable and
comprehensive approach to suppress O. rhinoceros populations and reduce damage in oil
palm plantations.
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